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WACA ARR No. ESFi3a

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

ADVANCE RESTRICTED REPORT

STANDARD METHCD OF GRAPHICAL PRESENTATION OF
CENTRIFUGAL COMPRESSOR PERFCRMANCE

By NACA Subcommittee on Supercharger Compressors

SUMMARY

The NACA Subcommitliee on Supercharger Compressors has recom-
mended the use of the method described in this report, for comparing
the performance of centrifugal compressors, and 1t has been adopted
by the NACA as a sltandard.

IRTRODUCTION

Recognizing that a standard method for presenting supercharger
performance would be very convenient when comparing test results,
the NACA Subcommittee on Supercharger Compressors appointed a special
panel, which first met in October 1944, to study this problem. The
members of this pancl were asg follows:

Lieutenant Commander John Marchant, U.S.N.R.; chairman
Mr. Harold Klein®
Mr. John Talbert?
Mr. W. S. Thompson®

The membership of the NACA Subcommittee on Supercharger Com-
pressors during the time of the preparation of the present report
was ag follows:

8r. Klein was not a member of the subcommittee, but was apvointed
to gerve on the panel and was assigned to prepare the various
drafte of the resoxrt through the cocveration of Mr. Oscar W. Schey.
bMr. Talbert was nct a member of the subcommittee during 1944, but
was appointed to serve on the panel through the cooperation of
Mr. Camnbell.
®Mr. Thompson was not a member of the subcommitiee during 1944, but
was appointed to serve on the panel through the cooperation of
Mr. King.
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Mr. Kenneth Campbell, chalrman

Mr. Rudolph Birmamn

Lieutenant Commander William Bollay, U.S.N.R.
M, Opie Chenoweth

Mr. Walter Doild

Profesgor Howard W. Emmons

Commander W, T. Hines, U.S.N.

Mr. W. J. King® V

Lieutenant Commander John Marchant, U.S.N.R.
Mr. E. A. Poste®

Mr. Arnold E. Redding®

Dr. J. T. Rettaliata

Mr. Oscar W. Schey

Mr. John Stack

Mr. John Talbert

My, W. S. Thouwpson

References 1, 2, and 3 are of general interest in connection
with the problem discussed in the present report.

DISCUSSION

The most convenient method of graphical presentation of the
performance of compresscrs is, of course, dependent on what use is
to be made of the results, The principal use o»f the graphs pre-
gented herein will be for comparison of superchargers with each
other and for predicting supercharger performance for specific
applications, The manner of plotting supercharger data must permit
the application of results to various conditions of inlet tempera-
ture and pressure. The use of uncorrected tip speeds, rotational
speels, weight flow, or volume flow 1s basically unsound., The selec-
tlon of a particular dimensionless or corrected~dimensional method is
largely a matter of convenience. The dimensionally corrected methods
will give a better physical picture of the tip speed and size of the
unitv than will the dimensionless methods, The most important dimen-
sionless indices of performance of compressgors are:

Nad adiabatic temperature rige ratio or adiabatic efficiency
N3 adiabatic ghaft efficiency
PZt/Plt pressure ratio

The above indices are functions of the following parameters:
flow quantity, Mach number or tip speed, Reynolds number, heat

dNot members of the subéommittee during 1944.
CNot members of the subcommittee during 1945,
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transfer, and relative impeller clearance, The first two parameters
are the most important and the remaining three are usually of minor
importance. The performance is, therefore, graphically presented in
terms of the first two parameters, and information is given as to
what conditions of the second group of parameters were maintained
during the tests.

The method of presentation recommended after due consideration
of the various forms of the parameters available is illustrated in
Tigure 1. The ordinate selected is the dimensionless ratio of the
absolute total pressures Pzt/Plt plotted on a uniform scale. The
abscissa selected 1s a flow-quantity parameter Qlt/dﬁ' corrected
to standard sea-level conditions or

9y VR Ty

) l‘vré‘

— (1)
NE Dy

where

Qyy  volume flow at inlet stagnation conditlons, cubic feet per

minute
W welght flow of alr, pounds per minuts
R gas congstant for normal air (53.50)

. . o .
1% inlet stagnation temperature, "F absolute
Py absolute inlet stagnation pressure, pounds per square foot

6 ratio of actual inlet stagnation temperature to standard
sea~level temperature (th/518.4)

An additional abscissa Qlt/dé'Dzz is also provided to permit
the comparison of various size compressors on the same basis, Large
values of Qlt/Jé'DZZ indicate a large specific capacity, where DZ

ig impeller diameter in feet (largest diemeter if multistage).

The Mach number or tip-speed paramester is U/j@; tip speed in
feet per second corrected to sea-level conditions, where U is
impeller tip speed in feet per second. Maximum tip speed is selected
for multistage centrifugal compressors in which the various stages
may have different tip speeds.
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Experimental points should be indicated to permit an estimate
of preclsion of the data and contours of adiabatic efficiency
should be superimposed on the pressure-ratio curves. In order to
plot these contours of constant efficiency at suitable intervals a
cross-plot such as figure 2 may be constructed from which the con-
tours can be readily filled in. Adiabatic temperature-rise effi-
clency shall be plotted in this manner. Where laboratories have
facilitlies for power input measurements, an additional plot of fig-
ure 1 on an adiabatic ghaft efficiency basis shall be included,

It is useful to the user and designer of centrifugal compres-
sors to prepare plots on uniform scale ccordinates of: (a) pres-
sure coefficient versus Ql$/n, where n 1s angular velocity of

v
impeller in revolutions per second and (b) adiabatic temperature
rise ratio versus QltA]Q; and 1t should be pointed out that the
presentation of the basic curves of figure 1 does not preclude
submigsion of plots of the nreceding or additional graphic data.

Heat-transfer or viscogity effescts may affect the performance
although these effects are generally of small importance. In order
to indicate this heat-transfer effect, the inlet temperature at
which each tip speed was run should be specified on the curve in
tabular form on the curve sheet. (Sce fig. 1.)

The following information shall be provided on the curve
sheet illustrated by figure 1.

Impeller outside diameter, feet
Tmpeller inlet diameter, feet
Inlet annulusg area, square feet

Clearance (running clearance preferred) betwsen open face of
impeller and casing, inches

Inlet or outlet pressure, whichever is held constant during
test, inches of mercury absolute

Mach number at polnt of outlet pressure measurement at maximum
efficiency condition for each tip speed
RECOMMENDATIONS

The method of plotting pressure ratio against the quantities
Q) /47 and Qlt/VéDZZ with adlabatic-efficiency contours on
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uniform scale coordinates is deemed most suitable for presentation
of compressor performance and is recormended as a standard except
in casges where there ig a snecific reason for using another method
of presentation. It is also recoummended that the supplementary
information be given in the form indicated.

National Adviesory Committee for Aeronautics,
Washington, D. C,, June 13, 1945.
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Impeller outer tip diameter 1.28 feet
Impellier inlet tip diameter .9233 feet
Impeiler inlet annulus area 5451 square feet
impeller front shroud clearance .050 inches
(measured statically)
Corrected inlet temperature, OQutlet Mach number at
tip speed, Ty pressure, peak N4 at out-
4.0 u/fo t Po in. H :
I
684 545.8 29.50 .086
780 549.7 29.50 .086
877 549.9 29.50 119
974 550.2 29.50 413
1073 549.7 29.50 .23 s .
1173 544.7 29.50 .138 ufge lipe
1266 551.2 29.50 415 ﬁ)«
1365 550.7 29.50 .27 ’\X 7
1460 553.4 29.50 .123 /
1555 554. | 29.50 21 7
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Figure 1. - Recomnended method of presenting compressor performances
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Figure 2. - Cross plot of efficiencies for drawing contours.



